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Summary : 


The effects of short-term starvation and long-term starvation in combination with desiccation on fresh- 
dry body weight, transpiration, blood osmolality and metabolic rate were measured in Orchesella cincta and 
Tomocerus minor. 


Starved Orchesella cincta show a loss in dry weight, a decrease in metabolic rate and, in dry conditions, 
a decrease in transpiration. 


Starved Tomocerus minor show a loss in dry weight, but a constant metabolic rate. The combination of 
ood- and water deprivation appears to be lethal for this species. They probably die due to the depletion of 
their food reserves: 

The results are discussed in the context of field data on the effects of dry summer periods on the two 
species. 
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I. Introduction 


In the study of the population dynamics of soil organisms comparatively little 
knowledge exists of the underlying causes of, often seasonal, changes in density. For a 
sound interpretation of the changes in population numbers and structure thorough 
knowledge of the qualities and potentials of the animals concerned, as a population 
and as individuals, is necessary. 


In the group Collembola, an important representative of the soil arthropods, the 
susceptibility to desiccation varies from species to species, ranging from complete 
dependence on saturated conditions, to well-developed adaptations to dryness, 
expressed in biophysical, physiological and behavioural adaptation-mechanisms 
(VERHOEF & NAGELKERKE, 1977; VERHOEF & WITTEVEEN, 1980; VER- 
HOEF, 1981). Drastic changes in waterconditions during dry summer periods may 
therefore initiate important species speblic fluctuations in collembolan populations. 
E.g. during a dry summer period the numerical reactions of three abundant species : 
Entomobrya nivalis (L.), Orchesella cincta (L.) and Tomocerus minor (Lubbock) were 
totally different (VERHOEF & VAN SELM, 1983). During the extremely dry 
month of August, the numbers of the first species increased, those of the second spe- 
cies stayed constant and the numbers of the third species decreased strongly. To attri- 
bute this merely to their, evident, differences in transpiration rate would be an over- 
simplification. 

Indications of starvation during dry periods, as found for Orchesella cincta (TES- 
TERINK, 1981b) as well as for Tomocerus minor (VERHOEF & VAN SELM, 
1983) have to be taken into account, together with the effects of the relatively high 
temperatures. 

In this study the effects of short and long term food deprivation in wet and dry 
conditions on parameters like dry weight, water weight, metabolic rate, transpiration 
and death rate are studied in Orchesella cincta and Tomocerus minor, for a better 
understanding of the effects of a dry period on the populations of two coexisting col- 
lembolan species. 
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II. Materials and methods 


The two Collembola species Orchesella cincta and Tomocerus minor were collec- 
ted from a pine plantation in the Flevopolder, the Netherlands, and kept at 20°C in a 
climate room. The animals were put in separate boxes with a floor of plaster of Paris, 
which was kept damp. Small branches with green algae (Pleurococcus sp.) and fungi 
were offered as food. To reduce physiological variation due to the important changes 
which occur during a moulting instar ( VERHOEF, 1981), each animal was observed 
three times a day to establish its physiological stage; for the experiments only « post- 
ecdysis » animals (: 0.5 - 1.5 day after moulting) were selected. 


Short term starvation was obtained by a 6 days' food deprivation period at 19? C. 
The effects of starvation on the relationship fresh-dry weight, transpiration and meta- 
bolic rate were measured. 
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Figure 1 The relationship between fresh weight and dry weight in control (A—A) and starved(O---O) 
Tomocerus minor. 
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Long term starvation was obtained by a 21 days’ food deprivation period at 18? C. 
Boxes (13 cm diameter) with wet plaster floors were used (200 g plaster/150 g water). 
A small hole of 1 cm diameter in the lid for ventilation caused a small loss of water (0.5 
g/day), which was supplemented each day. 


For long term starvation in combination with slow dehydration similar boxes 
were used. They were closed with a lid provided with a central hole of 3.5 cm diame- 
ter, covered with gauze. These boxes gradually dried out at 65 % R.H. and 18? C, ata 
constant speed of 4.3 mg/g plaster/day. The effects of long starvation with and 
without gradual dehydration on dry and fresh body weight, blood osmolality and 
transpiration were measured. 

For a description of the methods of transpiration and blood osmolality-measure- 
ments, see VERHOEF & WITTEVEEN (1980). Oxygen consumption was establis- 
hed for individual (« post-ecdysis ») animals by means of a Cartesian diver microrespi- 
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Figure 2 The relationship between fresh weight and dry weight in control (A—A) and starved (O---O) 
Orchesella cincta. 
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meter (TESTERINK, 1981a) in a climate room of 20° C. Results are expressed as 
eight-specific oxygen consumption or metabolic rate. 


| Differences between means with S.E.M. are determined with the non-parametric 
Mann-Whitney U-test (SIEGEL, 1956). 


III. Results 


1. Effect of starvation on the relationship fresh-dry weight 


The graphic relationship between dry and fresh body weight for both species (see 
Figs. 1,2) is established by curve fitting and gives for Tomocerus minor : 
Y = 0.219 + 2.868 X; df = 19 and for Orchesella cincta : Y = 2.133 X?*5; df = 15. 


For starved Tomocerus minor this relationship is expressed as Y = 3.550 X299; 
df = 21 and for starved Orcbesella cincta : Y = 0.144 + 3.853 X; df = 19. 


The effect of starvation in both Tomocerus minor and Orcbesella cincta exposes a 
steeper slope of the relationship. This is probably caused by a decrease in dry body 
weight and a constant or slightly increased water weight. 


2. Effect of starvation on the relationship transpiration- dry weight 


The relationships for both species are given in Figs. 3 and 4 and is for Tomocerus 
minor : Y = 102.277 + 31.528 In X; df = 14 and for Orcbesella cincta : 
Y = 16.324 + 3.605 In X; df = 9. 


For starved Tomocerus minor this relationship is expressed as 
Y = 101.129 + 30.214 In X; df = 16 and for starved Orchesella cincta : 
Y = 4.628 + 43.240 X; df = 12. 


In Tomocerus minor the relationship transpiration-dry weight as found in the 
control animals does not change after starvation. 


For Orcbesella cincta there is an increase in transpiration in the bigger animals. 


3. Effect of starvation on the metabolic rate 


The metabolic rate of Tomocerus minor is 341.2 + 19.01 pl O; g'h” (n= 4) and 
that of Orchesella cincta is 486.9 + 29.24 (n = 4). 


For starved Tomocerus minor the metabolic rate is not significantly different from 
that of the control animals, viz. 337.3 + 38.98 (n = 6). 


Starvation in Orcbesella cincta causes an extreme decrease in metabolic rate of 60 96, 
down to 201.2 + 9.61 (n = 6) (P < 0.001). As this reduction is thought to be an 
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adaptive response to unfavourable conditions like food shortage, the possible absence 


of such a phenomenon in Tomocerus minor might have important implications (see 
Discussion). 
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Figure 3 The relationship between speed of transpiration and dry weight in control (A—A\) and starved 
O---O) Tomocerus minor. 


4. Effects of starvation and desiccation on fresh-dry weight, blood osmolality 
and transpiration 


In both species the effect of a 21 days’ period of food deprivation in the presence 
of water (Table I) gives a decrease in dry weight. In Tomocerus minor this is accompa- 
nied with an increase in water weight. In Orchesella cincta there is no significant 
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Figure 4 The relationship between speed of transpiration and dry weight in control (A—A) and starved 
O-O Orchesella cincta. 


change. In the former species there is a small decrease in blood osmolality, which is 
absent in the latter species, whereas the transpiration in both species stays equal. 


The effect of the simultaneous absence of food and water (Table I) is different for 
the two species. In Orchesella cincta the only difference with the wet situation is the 
significant decrease in transpiration (P < 0.05), which might have an adaptive mea- 
ning. 


On the 20th day of the experiment 40 % of Tomocerus minor had died. The loss in 
dry weight in the animals which were still alive is significantly greater than that in wet 
conditions (P< 0.05); this effect is even stronger in dead animals. The water weight in 
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TABLE I 


Effects of starvation and desiccation on fresh-dry weight, blood osmolality and transpiration of Orchesella cincta and Tomocerus minor. 


Species Days Body weight 


starvation wet 
——+. 


|. fresh weight! dry weight |water weight|fresh weight| dry weight |water weight 


Transpiration® 


dry 


Osmolality” 


590417 | 798+14 | 211411 | 584-18 277 £4 8.41 +0.49 
(10) (30) (10) (10) (8) (6) 


0 811 € 14 
(30) 


218 + 14 
(10) 
O. cincta 


625 +33 | 724+26 120+6 583 + 26 9.60 + 0.8555.78 + 0.36 


733 t 18 126 t 3 


(9) (4) (4) (11) (5) (5) 
807 + 10 206 + 10 601 + 16 808 + 11 207 t 10 601+ 18 61.93 + 5.43 
(30) (10) (10) (30) (10) (10) (6) 
T. minor 
21 821 + 28 130 +3 | 692427 | 742 t24* 91 £3 651+ 24 
(10) (5) (5) (5) (5) (5) (3) 
618 + 44° 79:55 539 + 44 
(4) (4) (4) 


a = pg * S.E.M. ; b = mOsm kg’ + S.E.M. ; c = ug 10min! + $.E.M.; + = living animals; - = dead animals; in brackets : number of animals. 
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the former animals is comparable with that in the wet situation. In the latter animals 
the water weight is lower than in the surviving animals, but cannot in itself be accoun- 
ted for as the cause of death. So it might be concluded that for Tomocerus minor the 
effect of simultaneous food and water deprivation is lethal but that the cause of death is 
probably the depletion of the food reserves. 


IV. Discussion 


In the collembolan species Orchesella cincta and Tomocerus minor the effects of 
food deprivation on dry body weight and water weight depend on the duration of the 
period of deprivation and the temperature (VANNIER & VERHOEF, 1978; VAN- 
NIER, 1981), but generally show a relatively strong decrease in dry body weight (see 
Table I). 


Concerning the water weight, a relatively short deprivation period of 6 days (19? C) 
does not seem to change the water weight in Tomocerus minor (Fig. 1). This agrees 
with the suggestion done by VANNIER & VERHOEF (1978) with regard to a 3 
days’ period of deprivation at 18? C, and the data given by VANNIER (1981) for 
Tomocerus minor after a similar period at 20? C. 


In all cases mentioned, the increase in percentage water is due to the decrease in 
dry weight. After a relatively long deprivation period of 3 weeks, however, there is an 
important water increase in Tomocerus minor (Table I). Without going into detail 
about the discussions that exist around the advantages and disadvantages of fat metabo- 
lism during starvation (see e.g. LOVERIDGE & BURSELL, 1975), the relatively 
high quantity of metabolic water coming free at fat oxidation could partly explain the 
rise in water in Tomocerus minor (see EDNEY, 1977). 


A small drop in the total fat content of Tomocerus minor after a 3 days’ period of 
starvation was found by VANNIER (1981). No data are available about the effect of a 
longer starvation period on the fat content in this species. 


In Orcbesella cincta the absolute amount of water varies little during starvation, 
both after short periods of 6 days (Fig. 2) or 8 days (at 20° C) (VANNIER, 1981), and 
after a long period of 21 days (Table I). This might be considered as some form of 
blood volume « regulation », which is in agreement with the constant blood osmolality. 


In Tomocerus minor the hydrated animals show a drop in osmolality, which can 
be expected in animals without the ability of osmoregulation (BURSELL, 1970; VER- 
HOFF, 1981). 


Concerning the food reserves in Orcbesella cincta, TESTERINK (1981b) found 
for glycogen 1 % and for total lipids 15 % of the dry weight (which is lower than the 
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22 % given by VANNIER, 1981). In the course of a3 weeks’ period of food deprivation 
(at 15° C) total depletion of the glycogen content was found after 3 days. The largest 
decrease in fat content (down to 10 %) takes place during the first 7 days. During the 
following days the fat content remains at this level, according to TESTERINK 
(1981b). This is however, caused by the fact that the fat content is expressed as % 
actual dry weight, whereas the % initial dry weight might give a further decrease to 
about 5 %. Yet, even a total loss of the glycogen and fat content does not cover the loss 
of dry weight found in this study, pointing to possible use of proteins. This may lead to 
death as has been found in Tomocerus minor, due to both food and water deprivation. 


The extraloss in dry weight was only found in Tomocerus minor and not in Orche- 
sella cincta. This may be explained by the fact that the former species, at least after 6 
days’ starvation, kept the same metabolic rate, whereas in the latter species a decrease 
down to 40 % of the original value could be found. This reaction is thought to be an 
adaptive response (see ANDERSON, 1974) and is found in other arthropods, too (see 
TESTERINK 19812). Periodic starvation appears to increase longevity of this spe- 
cies in comparison with continuous food supply (JOOSSE & TESTERINK, 1977). 
The decrease in transpiration in Orchesella cincta might also be of adaptive value. 
Apart from that, food shortage does not lead to an increase in locomotory activity as is 
often found in insects (BARTON BROWNE, 1975), but to a strong decrease (TES- 
TERINK, 19812). 


These results lead to the following, partly hypothetical, analysis of the different 
reactions of the two species towards long dry summerperiods, as is described in VER- 
HOEF & VAN SELM (1983). 


During slow dehydration the distribution of water in the soil becomes less uni- 
form, leading to a patchy pattern. This does not influence the distribution of Orche- 
sella cincta (VERHOEF & VAN SELM, 1983). The first reaction of this species is 
an increase of its feeding activity, as was found in the laboratory (VERHOEF, unpu- 
published data). It is, however, not clear to what extent the animals eat food above 
their energetic requirements for the sake of the contained water (see EDNEY, 1977). 
In these dry conditions they are more economical with their water than morphological 
changes in the rectum point to enhanced water reabsorption (VERHOEF et al, 1979). 
While the dryness continues, laboratory experiments have shown that the length of 
the moulting instar, which is in « optimal » conditions at 20? C : 4-5 days(JOOSSE & 
TESTERINK, 1977), strongly increases to 12 days. (The animals might not reach a 
« critical volume », at which stretch-induced moulting takes place; cf. NIJHOUT, 
1981). They finally stop moulting and enter a permanent « pre-ecdysis » state (see 
VERHOEF & NAGELKERKE, 1977). The locomotory activity decreases signifi- 
cantly (VERHOEF, unpublished field data), together with the metabolic rate and 
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transpiration. After rainfall, the locomotory activity increases and the animals moult 
rather synchronously (VERHOEF, unpublished data). Thus, they appear to survive 
extremely dry periods without important losses in numbers. 


In Tomocerus minor the distribution is greatly influenced by a patchy water dis- 
tribution (VERHOEF & VAN SELM, 1983). As their food consists mainly of 
fungi, the linkfood-water is stronger than that for Orcbesella cincta. Their locomo- 
tory activity remains relatively high (VERHOEF, unpublished field data) and when 
food places become rare, they deplete their food reserves and finally die. After rainfall, 
the few surviving animals start to feed again (VERHOEF & VAN SELM, 1983), 
moult synchronously and may induce the recovery of the nearly vanished population. 
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BENEST, G. : 


Discussion 


According to your graphs on competition between the 2 populations of Collembola, there 
appears a slight increase of the total number of individuals in the whole « community », in 
spite of negative effects on each population. Do you consider that competition leads to a 
better exploitation of the resources ? Do you consider that it is a necessary condition of the 
highest exploitation of the resources ? 


VERHOEF, H.A. : In the experimental conditions, i.e. with a relatively thick litter layer, we can speak of 


a better exploitation of the resources. At least, Orchesella was more equally spread 
over the entire litter layer, and as space is a limiting factor in these experiments, this 
may have lead to these higher numbers in mixed cultures. As you suppose, these inte- 
ractions might even be necessary for a better exploitation of the resources. 


GHILAROV, M.S. : What was the method of estimation of food ingested by Collembola ? 


VERHOEF, H.A. : The individuals were caught and placed in Gisin's preservation fluid; when the gut 


ZINKLER, D. 


was dissected, the contents were mounted on a microscope slide; at 400 x, the food 
items were scored when they crossed the field. 


: Is there a contradiction between the metabolic rates of Willowsia bushi (presented by 
chairman Dr. VANNIER) and Orcbesella cincta in relation to the decrease of humidity, 
or not ? 


VERHOEF, H.A. : The concerned animals don’t live in a lower relative humidity, but they enter into a 
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relatively long « pre-ecdysis-state », during which they hardly move and don’t feed; 
combined with these effects, the metabolic rate goes down. 


